Abstract
Introduction

30
The wing base structure consists of several tightly associated sclerites located at the 31 joint region between the wing and thorax. These sclerites play principal roles in wing 32 flapping, rotating, and folding (Brodsky, 1994) . Therefore, these sclerites are strongly 33 constrained functionally and are known to evolve very slowly (Hörnschemeyer, 2002) . In 34 addition, the complicated shapes and articulations of the wing base sclerites make it possible 35 to code considerable numbers of characters useful for phylogenetic estimations. Because of 36 these properties, the wing base structure has been utilized for uncovering deep insect structure of Coleoptera, which has a much less modified condition, has been studied for a 45 wide range of taxa and utilized for higher level phylogenetic estimations (Browne & Scholtz, 46 1998, 1999; Hörnschemeyer, 1998). The forewing base structure (i.e., elytral base) of 47 Coleoptera has also been examined in some studies, but most of the observations were 48 conducted as part of an extensive morphological study of single species and thus lacked a 49 comparative point of view (Rivnay, 1928; Bostick, 1945; El-Kifl, 1953; Tremblay, 1958;  50 Doyen, 1966; Larsén, 1966) . Some studies made comparative analyses, but comparisons were 51 restricted to closely related taxa only (Stellwaag, 1914 homologization with the wing base structure of the other Neoptera, which should also be 57 resolved.
58
The wing base sclerites are also crucial for identifying the homology of the wing veins 59 (Wootton, 1979) . Homology between the elytral and wing regions (such as radial, medial, 
62
Proper understanding of the elytral base structure may provide a clue to identify the 63 homology of elytral regions and to identify the origin and transformation of these highly 64 modified wings.
65
In this study, we observed and homologized the elytral base sclerites of selected taxa 66 from Coleoptera. This work will form the basis for future morphological, evolutionary and 67 functional studies of the elytra and the elytral base sclerites. 
Materials and Methods
71
The main purpose of this study was to establish a consistent homology interpretation 72 for the elytral base sclerites. Previously, the elytral base sclerites were examined and 73 homologized for several coleopteran taxa (Table 1) . Therefore, taxa were mainly selected The first axillary sclerite (1Ax) of the elytral base is highly variable in the shape and 93 the degree of development. In Carabidae, it has a posterior triangular body and an anterior 94 arched head (Fig. 1) , which was generally observed in the other neopteran 1Ax. Proximally, with the second axillary sclerite by two points of the body region. In Cerambycidae, the fully 100 developed condition of 1Ax was observed, but it is less developed (Fig. 8) . The head region 101 is very weakly sclerotized. In Gyrinidae (Fig. 2) and Buprestidae (Fig. 7) , the head and body 102 regions were separated into two independent sclerites. In Scarabaeidae (Fig. 4) ,
103
Tenebrionidae (Fig. 5) and Cleridae (Fig. 6) , the head region is completely unsclerotized, so 104 the articulation between 1Ax and elytral root is absent. In Hydrophilidae, 1Ax is completely 105 reduced (Fig. 3) .
106
The second axillary sclerite (2Ax) is well developed throughout the examined taxa but 107 is highly variable. In Carabidae ( 
123
The third axillary sclerite (3Ax) is highly variable in shape but always has three arms, The basisubcostale (BSc) of Neoptera can consistently be identified by its articulation 148 with the head of 1Ax. Therefore, judging from the conditions observed in Carabidae (Fig. 1)   149 and Cerambycidae (Fig. 8) , the median part of the elytral root can be unambiguously 150 identified as BSc. In Hydrophilidae (Fig. 3) , Scarabaeidae (Fig. 4) , Tenebrionidae (Fig. 5) 
151
and Cleridae (Fig. 6) , the head of 1Ax is absent, and BSc articulates with the tip of the 152 anterodistal extension of 2Ax (indicated by "+").
153
Judging from the anterior borderline of BSc, as observed in Carabidae (Fig. 1),   154 Gyrinidae (Fig. 2) and Tenebrionidae (Fig. 5) , the anterior region of the elytral root can be (Fig. 1) , Gyrinidae (Fig. 2) and Cerambycidae (Fig. 8) , but they are connected by a strap of 162 bending cuticle in other taxa (Figs. 3-7) , through which the convex axillary fold line is The identity of tegula (Tg) in the elytral base was less convincing. In general, the tegula 166 is located at the most proximal part of the anterior margin of the wing base, and it is less 167 sclerotized and frequently covered by short hairs. In Carabidae, a hairy pad is observed at the 168 anterior corner of the notum (Fig. 1) , and this condition is superficially very similar to Tg, as 169 observed in other winged insects. In contrast, an isolated and well sclerotized plate can be 170 seen on the anterior wing margin of Cleridae (Fig. 6) and Cerambycidae (Fig. 8) . Judging 171 from their position, these sclerites are likely represents Tg. In other taxa that were examined, 172 no separable structure corresponding to Tg could be observed. into two separated sclerites in Gyrinidae (Adephaga: Fig. 2 ) and Buprestidae (Polyphaga: Fig.   197 7). Furthermore, these two taxa are apparently distantly related (they belong to different Fig. 3) . Furthermore, the division of 1Ax and absence of the head were 213 detected in distantly related taxa and thus multiple occurrences were evident. The 1Ax is 214 located next to the thorax and plays a key function in mediating the power generated by the 215 thorax to the wings (Brodsky, 1994) . Tight associations between the thorax and 1Ax as well 216 as 1Ax and BSc/2Ax are very important for generating flapping movements. Therefore, the 217 lack of 1Ax is very rarely observed among flying insects but is known also from the 218 hindwing base of froghoppers (Hemiptera: Cicadomorpha: Cercopoidea). The reduction of 219 1Ax is also a general trend in the infraorder Cicadomorpha (Yoshizawa & Wagatsuma, 2012) .
220
In this group, the metathorax is almost entirely occupied by the jumping muscles, and the 221 flight muscles are extremely reduced or almost completely absent. Therefore, the metathorax 222 lacks the ability to produce strong flight power . In both cases
223
(elytra and hindwings of Cicadomorpha), the lack of an ability to produce active flight power We thank Masahiro Ôhara and Namiki Kikuchi for providing valuable samples for this study.
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